We are using the 2002 data-release from the Japanese space experiment IRTS to investigate the spatial distribution of galactic mass-losing (>2 × 10 −8 M yr −1 ) AGB stars and the relative contribution of C-rich and O-rich ones to the replenishment of the ISM. Our sample contains 126 C-rich and 563 O-rich sources which are sorted on the basis of the molecular bands observed in the range 1.4-4.0 µm, and for which we estimate distances and mass loss rates from near-infrared photometry (K and L ). There is a clear dependence on galactocentric distance, with O-rich sources outnumbering C-rich ones for r GC < 8 kpc, and the reverse for r GC > 10 kpc. The contribution to the replenishment of the ISM by O-rich AGB stars relative to C-rich ones follows the same trend. Although they are rare (∼10% in our sample), sources with 10 −6 M yr −1 <Ṁ < 10 −5 M yr −1 dominate the replenishment of the ISM by contributing to ∼50% of the total of the complete sample. We find 2 carbon stars at more than 1 kpc from the Galactic Plane, that probably belong to the halo of our Galaxy.
Introduction
Red giants lose matter at a high rate during their evolution on the AGB (Asymptotic Giant Branch). This phenomenon is important for the evolution of the Interstellar Medium (ISM), which is replenished by the mass loss from all kinds of stars, as well as by the galactic infall, and whose composition is evolving depending on the nature of the supplied material. As the atmospheres of AGB stars are enriched by convection of elements processed in their interiors, the contribution of AGB stars to some species in the ISM, e.g. s-elements and carbon, can be very important. Also their winds are dusty and they are believed to be the main source of the injection of dust in the ISM.
We are exploiting the data obtained with the Japanese experiment IRTS (Infrared Telescope in Space) to evaluate the contribution of galactic mass-losing AGB stars to the cosmic cycle of matter. In our first paper (Le , Paper I) we used a sample of 126 AGB sources extracted from a preliminary data-release. On the basis of this sample, a dependence of the relative contribution of oxygen-rich sources to carbon-rich ones on the galactocentric distance has been reported. Also in this sample, most of the replenishment of the ISM is the effect of stars with large mass loss rates (>10 −6 M yr −1 ). In this selection only 2 sources contributed one fourth of the total sample mass loss rate, demonstrating that the analysis was suffering from small number effects. Here we extend our study using a larger sample in order to refine our preliminary analysis. We first describe the method that we have used to extract the data and then present our new results.
Presentation of the data

The IRTS mission and the NIRS
The IRTS is a 15-cm diameter helium-cooled telescope. It operated from space in 1995 during 26 days and surveyed ∼7% of the sky (2700 deg 2 , Fig. 1 ) with 4 infrared instruments . For our purpose we use the data acquired by the Near-Infrared Spectrometer (NIRS). The NIRS is a low-resolution grating spectrometer that covers 2 wavelength ranges, 1.4-2.5 µm and 2.8-4 µm, each with a linear InSb array of 12 pixels (Noda et al. 1996) . The spectral resolution was ∼0.1 µm for point sources. The NIRS has a 8 × 8 entrance aperture in the focal plane of the IRTS. Its point-source sensitivity was limited by confusion in densely populated area; otherwise in general the limits for detection were K lim ∼ 8 and L lim ∼ 7. However, in some areas close to the Galactic Plane, the large galactic background obliged to operate the detectors at a reduced sensitivity (K lim ∼ 6 and L lim ∼ 5).
Data processing
We use the 2002 data release described in Yamamura et al. (2003) 1 . To extract the point source spectra, the data relevant to each source within one (North or South) scan have been combined. Only sources observed at least twice with a clear detection were kept. Many low-quality sources and sources with only one observation that appeared in the preliminary release have thus been rejected in this version. The flux calibration has been derived from standards in Cohen et al. (1999) that have been well observed by the IRTS. We believe that this release is of better quality in terms of source (catalogue entry) reliability and of photometry. In the overlap region between the North and the South scans, we find 72 duplicates; we decided to keep only the entries with the best quality. The distribution of the 14 223 resulting sources on the sky is shown in Fig. 1 .
We estimate the K and L magnitudes by integrating the spectra over several channels around the nominal wavelengths (2.19 and 3.78 µm). The flux from each channel has been weighted by the convolution between the NIRS band profile and the K/L band profile corresponding to the ESO photometric system. This step could be performed in K and L for 8879 NIRS point sources. We checked the quality of the photometry by comparing our results on ESO standard stars with Bouchet et al. (1991) , and found the agreement to better than 0.01 mag. in K (6 stars) and 0.04 mag. in L (5 stars). The NIRS source counts in K and L are presented in Fig. 2 . The distributions are linear until K ∼ 4 and L ∼ 3, and then from K ∼ 4.5 to 6 and from L ∼ 4 to 5.5. The corresponding breaks in the slopes of 1 The IRTS data and explanatories are available via DARTS archive; URL: http://www.darts.isas.ac.jp/ the distributions are the effect of fewer sources being detected close to the Galactic Plane, around l II = −11 • and 49
• , because of the higher galactic background and of the confusion due to the higher source density (see also Sect. 4.1). The peaks of the distributions are obtained at K ∼ 6.5 and L ∼ 5.5.
Selection of the sources
As in Paper I, for the present analysis we consider sources with a K−L index larger than 0.7 (863). Among them, 790 could be associated with an IRAS source. NIRS sources may have no IRAS counterpart either because the astrometry was not accurate enough to secure the identification or because they lie in a region of the sky not covered by IRAS; also, some sources do not appear in the IRAS PSC because of low data-quality. In Paper I, we used Epchtein's method to sort C-rich stars and O-rich ones (Epchtein et al. 1987) . To apply this method requires the knowledge of the K−L and the IRAS 12-25 indices with a reasonable accuracy. The NIRS spectroscopic information allowed us to check the efficiency of this method. The level of contamination by non-AGB sources was estimated to be less than 5%. On the other hand, this method requires that the NIRS/IRAS cross-identification is correct. It is feasible to check sources individually in a small sample of 100-150 objects, but difficult in a larger one. Finally we want to avoid losing NIRS sources that have no IRAS counterpart with good fluxes at 12 and 25 µm. As the NIRS spectra provide the necessary information to classify sources (Yamamura et al. 1997) , we can use them directly without resorting to the IRAS data.
Such an approach has the advantage that it can be applied to all the 863 sources and that it avoids the ambiguities inherent to the cross-identification processes. Of course, the IRAS data can still be used to perform a posteriori checks. We define indices that are designed to facilitate the identification of AGB stars and their chemical identification (C-rich/O-rich). The NIRS wavelength range covers several molecular absorption bands which can be used for that purpose, among which are: (i) a water band at 1.9 µm, (ii) a band at 3.1 µm due to a blend of C 2 H 2 and HCN. The first band characterizes unambiguously O-rich stars and the second one C-rich ones. We construct the indices by estimating the ratio of the intensity around the centre of the features to the sum of the intensities taken on each side (i.e. on the continuum). The details are given in Table 1 . The intensities are as given in the NIRS data-release, i.e. they are expressed in Jy, and summed over two pixels. An index around 0.5 points to a flat spectrum, whereas a value lower than 0.5 points to an absorption feature and a value higher than 0.5 to an emission feature. These NIRS indices should be used with care because, although the absolute wavelength calibration is excellent (Murakami et al. 2003) , the spectrum of a point source moved along the detector array depending on its centering inside the entrance aperture of the spectrometer. This effect is of the order of 0.025 µm rms, and could affect the measured values of the indices.
A diagramme representing I(1.9) versus I(3.1) is presented in Fig. 3 . One sees two well-defined strips around I(3.1) = 0.5 and I(1.9) = 0.5, which merge at (0.5, 0.5). The first one is produced by O-rich sources and the second one is mainly due to C-rich stars. Some points are scattered; this is in part due to sources with low signal-to-noise ratio spectra but also to peculiar objects, like emission-line sources. Sources in the region labelled "O" in Fig. 3 can be safely identified as O-rich sources. The region labelled "C" contains mainly C-rich stars, but also a few sources with the emission band at 3.3 µm which is ascribed to PAHs. This emission raises the "continuum" at 3.3 µm which, in turn, mimics an absorption at 3.1 µm. In order to One of them, with an intense P α emission (I(1.9) ∼ 1.25), is out of the figure. improve the identification of C-rich stars in the region C, we have constructed a third index, I(3.3), designed to identify sources with PAH emission. Sources with I(3.3) > 0.75 are represented with a " " in Fig. 3 and following, and are listed in Table 2 . There are several carbon stars with 0.42 < I(3.1) < 0.48 and 0.45 < I(1.9) < 0.55, but also O-rich ones.
The area around (0.5, 0.5) is densely populated and contains many O-rich sources with a weak absorption band at 1.9 µm. To help identify them we have used a fourth index, I(2.8), designed to identify sources with the water absorption band at 2.8 µm. The definition of an index for this band is not easy because this water band is wide and merges with the CO band at 2.3 µm and because the NIRS spectra present a gap between 2.5 and 2.8 µm. Also we wanted to avoid taking the continuum at 3.1 µm because of the absorption band found in carbon stars. As the continuum points are widely separated, this index is also sensitive to the general curvature of the spectra. A diagramme representing I(1.9) versus I(2.8) is shown in Fig. 4 . One sees that the 2 indices correlate well. We noted that many stars that barely show the water absorption band at 1.9 µm still show an absorption at 2.8 µm extending up to 3.5 µm (see e.g. the spectrum of S Cas in the Fig. 4 of Paper I and other IRTS spectra in Matsuura et al. 1999) . This means that I(2.8) can be used to identify O-rich stars that have a weak 1.9 µm band. In Fig. 5 we present I(2.8) as a function of I(3.1). This diagramme is similar to the one presented in Fig. 3 . We also see 2 strips defined by C-rich and O-rich sources. In addition the sources with the 3.3 emission-band are found along a line intermediate between these 2 strips. The scatter is larger than in Fig. 3 because the 2.8 µm index is defined on a wider spectral region. Nevertheless the region labelled "O" contains O-rich sources without ambiguity. The region labelled "C" contains a majority of C-rich sources. These remarks have led us to define criteria which, using our sample, allow us to find reliably O-rich and C-rich sources.
O-rich sources: For the sources that do not fulfill one of these criteria we determined their type (C, O, dubious/other) by visual inspection.
We also checked individually all C-rich sources. Tanaka et al.
(in preparation) have developed a similar, but slightly different, method and obtained consistent results.
Description of the sample
At the first stage with these criteria, we obtained 110 C-rich stars, 489 O-rich stars and 264 objects, which had to be looked at individually, out of 863 sources. After visual inspection, we kept 126 C-rich sources and 563 O-rich ones. Most of the remaining sources are found close to the Galactic Plane and/or have a spectrum with a low signal-to-noise ratio. Some could be identified in Simbad as T Tauri stars or early-type emission line sources. Some objects (35) which were listed among the 126 AGB sources in Paper I do not appear in the present sample because they were rejected at the level of the 2002 IRTS data-release as they did not satisfy the quality level criteria for this release.
Results
We apply the same approach as in Paper I to derive distances, corrected for interstellar extinction. We use the K magnitude and a bolometric correction based on the K−L index, and assume a bolometric magnitude corresponding to 8000 L . As the fluxes are better determined we expect that the distances are more reliable, but of course with the same limitations as before, i.e. estimates of the distances to individual sources could be uncertain by a factor of almost 2, because of the source variability and because of the assumption that all sources have the same luminosity.
The mass loss rates are determined also following the approach of Paper I. For C-rich stars we use the relation between K−L andṀ obtained by Le Bertre (1997) , and for O-rich stars, the one obtained by Le Bertre & Winters (1998) . These relations are distance independent. However, the distances are taken into account indirectly through the correction for interstellar reddening.
The results are given in Table 3 for C-rich sources and in Table 4 for O-rich ones (only those with mass loss rates above 10 −6 M yr −1 are listed in the printed version). The first column gives the NIRS name corresponding the 2002 data-release and built from the 1950.0 coordinates and a letter, N or S, refering to the North or South-scan. The second column gives the IRAS name when a reasonable association could be obtained; some may still be incorrect. The third column gives the number of events used to derive the NIRS spectra (this is an indication of quality). The fourth column gives the K magnitude, and the fifth one, the K−L index, both derived from the NIRS spectra in the ESO photometric system. The 6th, 7th, and 8th columns give the distance to the Sun (d Sun ), the distance to the Galactic Plane (z) and the distance to the Galactic Center projected on the Galactic Plane (d GC ). Finally the last column give the logarithm of the mass loss rate expressed in 10 −6 M yr −1 .
Discussion
The larger size of the sample allows us to refine the analysis of the space distribution of mass losing AGB stars and of the relative contributions of C and O-rich sources to the replenishment of the ISM.
Space distribution of the sources
In Fig. 6 we show the projection of our sample of mass-losing AGB stars on the Galactic Plane (GP). Sources are found preferentially at the galactic longitudes corresponding to the intersections of the IRTS scans with the GP (Fig. 1) . However, for l II = −10 • and +49
• , one notes a lack of sources beyond 3 kpc.
This effect comes from the reduced sensitivity at which the detectors were operated, and from the confusion due to the higher stellar density close to the GP. It is the same effect responsible for the breaks observed in Fig. 2 at K ∼ 4 and L ∼ 3. Also, AGB stars at low galactic latitudes may have larger mean luminosities than AGB stars at high galactic latitude (e.g. Kastner et al. 1993) . Therefore, it could be that we are underestimating the distance to these sources with the implication that they would look "closer" to the Sun in Fig. 6 . However, the lack of sources with K > 4 and L > 3 at low b II is general, not specific to AGB stars in our sample (cf. Fig. 2) .
As in Paper I, we find that most mass-losing carbon-stars are located preferentially in the exterior of our Galaxy. The new analysis with a much larger sample clearly confirms this trend, as is shown in the lower panel of Fig. 7 . Only one carbon star is found at r < 6 kpc.
This carbon star, NIRS 20229−1641, shows the same features as the other carbon stars in our sample (Fig. 8) and there is no ambiguity on its carbon-rich classification. In fact its distance to the GP is ∼3.4 kpc and it probably belongs to the halo of our Galaxy. From its direction on the sky, it does not seem to be related to the Sgr dwarf galaxy (Ibata et al. 1995) . Another source, NIRS 07001−2412 (≡ IRAS 07000−2411), is located at -1.1 kpc from the GP and probably also belongs to the halo. Its NIRS spectrum is noisy but the 3.1 µm absorption feature is clearly present (Fig. 9) ; it has already been reported as C-rich by Stephenson (1989; CGCS 1517) . For both sources a radial velocity would be useful to clarify their nature.
The increasing ratio of C-rich to O-rich AGB stars with increasing galactocentric distance has already been inferred by Jura & Kleinmann (1990) who showed that the space distribution of very dusty carbon stars is almost constant within 1 kpc of the Sun, in contrast to the distribution of mass-losing AGB stars which is decreasing exponentially with d GC (Habing 1998) . This result was extended to distances of ∼3 kpc from the Sun by Guglielmo et al. (1993) . Also, Kastner et al. (1993) found that luminous carbon stars near the Galactic Plane are located preferentially outside the solar circle. This galactic segregation of AGB star classes is usually interpreted as an effect of the metallicity on the formation of carbon stars. Indeed the metallicity is decreasing with galactocentric distance at a rate of ∼0.05-0.1 dex per kpc (Pagel 1997) and stellar evolution models of AGB stars show that a C/O abundance ratio larger than 1 is obtained more rapidly, if at all, for low metallicity (e.g. Lattanzio & Forestini 1999) .
The lower panel of Fig. 7 shows also that most of the oxygen-rich sources in our sample are at a distance below 8 kpc from the Galactic Center. It is noteworthy that only a few sources are found at the same galactocentric distance as the Sun (8 kpc < d GC < 9 kpc). This is because only a small volume of the Solar Neighborhood has been surveyed by the IRTS and because the GP at longitudes ∼90 and 270
• has not been well sampled. This illustrates the necessity for a deeper and complete "all-sky" survey to obtain a sample representative of the AGB-star population in the solar environment.
The upper panel of Fig. 7 shows that most of the sources are at a distance between 1 and 4 kpc from the Sun. From this histogram there is no difference between the C-rich and the O-rich sources. There is also no obvious difference in the dependence on the distance to the GP (z) although one notes the paucity of mass-losing carbon-stars at more than ∼500 pc from the GP (see Table 6 ).
Contribution to the replenishment of the ISM
Our present selection of sources suffers from several observational biases. It is therefore difficult to infer quantitative results. However, these biases should affect equally C-rich sources and O-rich ones and we may still study the relative contributions of these 2 kinds of sources in different regions of the Galaxy.
The contributions of the 2 kinds of sources as a function of the galactocentric distance is given in Table 5 , and as a function of the distance to the GP in Table 6 . It appears that these contributions follow the source distribution. There is no over-representation of one category w.r.t. the other one, i.e. the sources appear to contribute proportionally to their number (Table 7) . Jura & Kleinmann (1989) made an inventory of AGB stars losing more than 2 × 10 −6 M yr −1 within 1 kpc of the Sun; they identified 63 such sources. They find that carbon stars and O-rich ones contribute about equally to the ISM replenishment. In the range 8 kpc < d GC < 9 kpc, we find that carbon stars contribute to ∼0.21 of the corresponding sample mass loss rate, and in the range 9 kpc < d GC < 10 kpc, to ∼0.64 (Table 5) . Our result is therefore in good agreement with that of Jura & Kleinmann, although the samples that are analyzed are quite different. Table 5 . Numbers of carbon-rich and oxygen-rich sources and their respective contributions to the replenishment of the ISM at different distances from the Galactic Centre. From Table 7 , one sees that about half of the contribution comes from the 71 sources (∼10% of the sample) with 10 −6 < M < 10 −5 M yr −1 . It appears also that a few rare objects dominate the rate of ISM replenishment by mass-losing AGB stars. For instance only 5 sources out of 689, withṀ > 10 −5 M yr −1 , contribute as much as 20% of the total (see Table 7 ). The dominance of this rate by a relatively small percentage was already suggested by our preliminary analysis (Paper I). The same finding was reported by Jura & Kleinmann (1989) who noted that, in their sample of 63 AGB stars, one source, IRAS 17411-3154 (RAFGL 5379), contributes nearly 25% to the total from their sample.
However these conclusions should be handled with care as it appears that we are still limited by small number statistics. Also, in the Solar Neighborhood (d Sun ≤ 1 kpc), we detect only 3 sources withṀ ≥ 10 −6 M yr −1 , whereas Jura & Kleinmann (1989) identified 63 such sources. Notably, one of our 3 sources (IRAS 11318−7256, CGCS 3062) is not in their list, because it lies outside the zone that they explored (δ < −33
• ).
Conclusion
The NIRS data illustrates the advantage of a spectrophotometric survey, with a resolution of ≥40, over classical photometric surveys which alone cannot secure any chemical identification. The ability to perform directly spectrophotometry reduces the uncertainties in the determination of stellar chemistries and avoids any risk connected to cross-identification errors. The present work confirms the main results obtained in Paper I. With a NIRS sample that is about 5 times larger, and more reliable, we show that the replenishment of the ISM is dominated by the high mass-loss rate stars. We obtain a clearer separation of oxygen-rich and carbon-rich stars with a border at a distance from the Galactic Centre of about the solar distance. However, we note that a slightly better spectral resolution and a larger wavelength coverage (1.4 to 4.2 µm, with no gap around 2.7 µm) would have facilitated our study. Furthermore, our analysis is limited by the sensitivity of the NIRS to point sources, especially in the regions of large galactic background. Also the close Solar Neighborhood (8 kpc < r GC < 9 kpc) is not well sampled because only ∼7% of the sky was covered by the IRTS. Finally, a better spatial resolution would have limited the effects of confusion in the Galactic Plane, and simultaneously reduced the intensity of the background.
Although the sample is larger by a factor ∼5, we are still limited by small number statistics. This is because the sources which are presently undergoing mass loss at a very large rate (≥10 −5 M yr −1 ) are rare, a handful in a sample of ∼9000 sources detected in L .
A new spectro-photometric mission with a slightly better spectral resolution (R ∼ 100) and spectral coverage (1.4 to 4.2 µm or more, without gap), and a better spatial resolution (sub-arcminute), with a complete sky coverage, such as RESPIRE (Le Bertre et al. 2002) , would aid our understanding of evolved stars in our Galaxy and of their rôle in its evolution. 
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Appendix
Our estimates are based on NIRS data. We found one evidence of a misclassification and removed it from our comparison. (IRAS 17209−3318 is oxygen-rich: although its LRS index is 43, its IRAS spectrum shows clearly a self-absorbed silicate feature mimicking an 11 µm emission.) Our approach is statistical and we certainly do not expect a perfect agreement for every source. We use photometric data obtained at one phase, whereas the sources are known to be variable. Also, we assume an average luminosity of 8000 L . We therefore might underestimate the distances to the most extreme carbon stars. Our treatment of the interstellar extinction is simplified, but this effect should be small because of the reduced extinction in the infrared (E K ≤ 0.2 for C-stars in our sample). The differences inṀ are of particular concern to us because we use a method that is in principle distance independent.
We note that, with the new processing of the NIRS data, our distance estimates stay close to those reported in Paper I. Also, two objects have an Hipparcos parallax: Y Tau and T Lyr. Table 6 . Numbers of carbon-rich and oxygen-rich sources and their respective contributions to the replenishment of the ISM at different distances from the Galactic Plane. Table 7 . Numbers of carbon-rich and oxygen-rich sources and their respective contributions to the replenishment of the ISM for different mass-loss rates.Ṁ Groenewegen et al. (2002, G02) and by us (Paper I and this work). The mass loss rates are in 10 −6 M yr −1 , and the distances, in kpc. The distances that we derive (Paper I and this work) are in better agreement with Hipparcos than those of G02. Three sources (IRAS 19248+0658, 06230−0930 and 07098−2012) are infrared sources which have been monitored and for which a distance has been determined through the period-luminosity relationship (Le Bertre 1997, L97). The distances found are 2.0, 2.2 and 1.8 kpc, resp., in better agreement with G02 than with Paper I and this work (but still within a factor 2). This is probably an effect of the variability which is large at 2 µm for these sources (Le Bertre 1992).
IRAS nameṀṀṀ
On the other hand the mass loss rates of Le Bertre (1997) are in better agreement with Paper I and this work than with G02. This illustrates a fundamental difference between the 2 methods. G02 use a method based on the circumstellar CO emission which probes a region of typically 10 17 cm. Such a volume is filled in on a timescale of ∼10 3 years or more. The determinations of G02 correspond to an average over such timescale. However, our method uses as an indicator ofṀ the near-infrared emission that comes from a region of about 10 15 cm. We are therefore estimatingṀ on a much Table 9 . Comparison of mass loss rate estimates obtained by Groenewegen et al. (2002, G02) , by us (t. w.), Loup et al. (1993, L93) , Olofsson et al. (1993, O93) and Schöier & Olofsson (2001, S01 shorter timescale (∼20-50 years). As discussed in Paper I, we consider a present mass loss rate defined as an average over the last ∼20-50 years, a lapse which is short compared to the stellar evolution of such sources. Indeed, setting aside the pulsation, and the possible effect of multiperiodicity (Fleischer et al. 1995) , AGB outflows can be considered as stationary over such a timescale. On the other hand, we have growing evidence of variations over longer timescales (e.g. Mauron & Huggins 2000) . It is interesting to note that the 2 objects, for which the discrepancy is the largest (>20), have optical counterparts which are not undergoing large amplitude pulsations (IRAS 05426+2040 ≡ Y Tau, SRa; IRAS 18306+3657 ≡ T Lyr, Lb; both with ∆V ∼ 2). It is difficult to believe that these objects are presently losing mass at rates of respectively 1.2 and 3.5 × 10 −6 M yr −1 (G02). It is worth noting that important variations of mass loss rate, by a factor ∼10 over the last ∼10 3 years, have been reported for some stars, in general SR variables, which show composite CO rotational line profiles (Knapp et al. 1998) . In some cases the mass loss variation from such stars may even be so large that one observes a "detached shell" (Olofsson et al. 1996) . Therefore the comparison between the rates estimated by us and through the CO method are meaningful only for sources that did not undergo major changes during the last few 10 3 years. As noted by G02, a part of the discrepancy onṀ may be ascribed to the different distance estimates which are used, because with the CO method theṀ estimates depend on d 2 . In Table 9 we correct the G02Ṁ estimates by adopting our distance estimates (6th column). The new estimates are indeed in better agreement with our results. However, we should be careful in interpreting this "improvement", because our distance estimates may not be much better than those of G02, whereas our mass loss estimates are basically distance independent.
In the same table we collect results obtained by other authors who also derive mass loss rates from CO line observations: Loup et al. (1993, L93) and Olofsson et al. (1993) apply basically the same method as G02 to deriveṀ estimates, whereas Schöier & Olofsson (2001, S01) developed a detailed radiative transfer analysis. The L93 estimates approximately agree with those of G02. There is also a relative agreement between O93 and S01, and G02 for IRAS 05426+2040 (Y Tau), but surprisingly not for IRAS 18306+3657 (T Lyr). It seems that in the latter case, the CO results are discrepant (the expansion velocity quoted in the literature for this source varies between 12 and 26 km s −1 ) because the emission is weak. Clearly mass loss rates estimates derived from CO data depend also on the telescope beamwidth for nearby sources, on the modelling method and on several assumptions, such as the CO abundance or the CO density distribution. Recently, Schöier et al. (2002) improved the model of S01. They set an upper limit on the mass loss rate modulations to less than a factor of 5 over the past thousands of years. On the other hand, Kemper (2002) , using CO rotational transitions from J = 2 → 1 up to J = 7 → 6, finds indications of mass loss variations on timescales similar to those observed by Mauron & Huggins (2000) .
These mass loss variations can explain why the CO method and the IR method give different results. However, one would expect to find also IR estimates larger than the CO estimates. These would correspond to sources that have recently begun losing mass at a very large rate. An object like IRAS 17411-3154, which is extremely red, K−L ∼ 7.9 (Lépine et al. 1995) , with a mass loss rate ∼2 × 10 −4 M yr −1 (Jura & Kleinmann 1989 ), yet very weak in CO (Kastner 1992) , may be just such a case. This source is O-rich, and therefore does not appear in G02, but some carbon stars seem also to show the same effect. For instance, the mass loss rate estimate by the IR method for AFGL 3068 (Le Bertre 1997) is ∼3 times larger than by the CO method (G02). Another possible example, OH/IR 26.5+0.6, has been studied by Justtanont et al. (1996) and Fong et al. (2002) who find evidence for a sudden increase of the mass loss rate, by a factor ≥50, about 200 years ago. Other cases of deficiency of CO emission as compared to the IR energy distribution have been identified among OH/IR sources by Heske et al. (1990) . However, we note that this deficiency could also be due to an extremely low gas temperature in the outer parts of dense circumstellar envelopes (possibly below 4 K, as reported by Le Bertre & Gérard (2001) in IRC +10216). Furthermore we caution that the evolutionary status of OH/IR sources is not always clear, some being probably red supergiants rather than AGB stars. In summary, the 2 approaches are affected by various sources of uncertainty due to the methods and the assumptions made, and by the measurement errors. In addition, in the case of the CO method, the errors on the mass loss rate estimates may be amplified by the strong dependence on distance. Finally, when making comparisons it has to be kept in mind that the CO and IR mass loss rate estimates are not related to the same timescales.
